Abstract. While agent-based models are widely used for the simulation of human-natural systems, it remains challenging for scientists to specify their models in a manner in which they can be understood and used by others. In this research project, we survey existing solutions that have emerged to cope with models specification issues. We then propose another approach: a domain specific modeling language for agent-based simulations of land use/cover change. This language is intended to constitute a means to promote models' validation and reuse. We also present the general methodology for the development of the modeling language which consists in extending existing conceptual modeling languages with domain-specific language profiles. We also present the first step towards its development comprising a domain model based on a domain ontology.
Introduction
Computer-based simulations have become an important asset to understand the complex interactions between human societies and the land resources on which they depend. Many of these simulations rely on agent-based modeling (ABM) to represent social interactions. A spatial context (static or dynamic) is provided to represent the context where social interactions occur. In the particular domain of agent-based modeling of land use/cover change (ABM/LUCC), simulations are used to understand and test possible effects of alternative policy or management interventions in the socio-spatial system under study. Through simulation, modelers can understand and reproduce, with virtual experiments, the emergence of nearly any kind of macro-structure or macro-dynamics from the interactions of lower level computer processes, called agents. Building such simulations is challenging but ABM have been enthusiastically adopted by ABM/LUCC scientists during the last decade. [24] , [14] and [1] provide a broad range of examples of ABM/LUCC applications as diverse as innovation diffusion, city size distributions study, demographic and lot effects of agriculture in the Brazilian Amazon or forest management in Asia. However the fast development of this type of applications quickly raised concerns related to transparency issues [20] . Transparency pertains to how easy it is for an external person to understand a simulation model. ABM transparency issues are directly related to the manner in which models are described and specified by their authors. In practice, the representation of the model (and submodels) of the system in scientific papers will differ according to the background of the system's designer. These descriptions integrate pieces of natural language, mathematical formulas, pseudo code, UML diagrams and sometimes computer code. The diversity and lack of consistency between representations make it difficult to reuse and validate models. If design documents are unavailable, it is necessary to reverse-engineer the program back to the design to link with the high-level description of the model given in any source text [20] . Moreover, when, for example, reusing a model published in a scientific journal paper, one has no guaranty that the model was correctly implemented and that the results of the simulations conform to the model described. Such concerns represent a real challenge for the users and decision makers that rely on the simulations results.
Research Questions and Objectives
In order to respond to ABM/LUCC transparency issues, we propose to follow an approach that will address three questions. The first question is how to represent ABM/LUCC information structure in a manner in which it is decoupled from the simulation software and can be independently processed. The second question to address relates to the level of abstraction to achieve in order to represent the concepts of the domain. In fact, the abstraction should enable the representation of concepts and relationships for a multidisciplinary audience who is not necessarily expert in computer science, but, at the same time be precise enough to represent all concepts of the domain. A third question to answer is how can we ensure that an executable implementation conforms to a system's model? To respond to these questions we propose to adopt a research approach consisting in the development of a Domain Specific Modeling Language (DSML). The objective of the DSML is to define an abstract representation of the ABM/LUCC domain, a domain model, and use it to instantiate executable systems (e.g. source code for simulation). By following such an approach, a particular system can be represented using the concepts defined in the domain model and its properties can be clearly specified using the modeling language. The objective of providing this DSML is moving towards a unified design that would facilitate the interpretation of the system by developers or practitioners that would want to reuse the system. It should answer the first two questions raised above. Our goal is to provide a modeling language that would meet users needs and that would
